genetic background (3, 4) .
In the non-metastatic setting, the surgical removal of the tumour and related lymph nodes remains as the best curative option for some patients. However, the rate of recurrence reaches up to 60% (5, 6) . For these patients, the use of neoadjuvant (7) or adjuvant treatment with chemotherapy (8, 9) , radiotherapy (10) or both (11) has shown to improve OS and disease-free survival (DFS) in several randomized clinical trials. Other prognostic variables have also been recognized to categorize patients according to their risk of poor outcomes, including age, histology, tumour differentiation, type of lymph node dissection, and surgical margin status (5) . However, the majority of these trials have been carried out in Asian or Caucasian populations with conflicting results. The aim of this study was to identify potential predictors of OS in a cohort of Hispanic patients from Costa Rica after surgery for gastric cancer.
Methods
We retrospectively reviewed the clinical records of all consecutive patients who underwent curative intention surgery for gastric adenocarcinoma from January 2009 to January 2012 in the four major public hospitals of Costa Rica (Hospital San Juan de Dios, Hospital Calderón Guardia, Hospital Max Peralta and Hospital México). Baseline clinical and tumour characteristics, as well as treatment data were manually retrieved from the clinical records. All cases were reclassified according to the TNM criteria as described by AJCC 7th edition. Patient performance status was evaluated according to the Eastern Cooperative Oncology Group (ECOG) criteria. We excluded patients with other primary malignant tumour or ECOG performance status equal or greater than 2.
The surgical procedure consisted of total or subtotal gastrectomy depending on tumour location. Total gastrectomy was performed for patients with cancer of the gastroesophageal junction (GEJ) or upper gastric body, and subtotal gastrectomy was done for patients with cancer in the lower body, antrum or pylorus. The type of lymph node dissection (D1 or D2) was chosen at the discretion of the surgical oncologist or general surgeon. Margin status was defined as microscopically negative (R0), microscopically positive (R1), or macroscopically positive (R2). R1 margin status was defined as the presence of tumour cells in the resection margins on standard microscopic examination. Histological subtype according to Lauren's classification was documented for all tumours.
A d j u v a n t t r e a t m e n t , e i t h e r c h e m o t h e r a p y o r chemoradiotherapy (CRT), was chosen by the Tumour Board Committee composed by medical oncologists, radiation oncologists and surgeons. The treatment plan in case of cytotoxic systemic adjuvant therapy was chosen at the discretion of the medical oncologist. Selected regimens included 6 months of one of the following regimens: capecitabine alone (2,000 mg/m 2 /d from day 1 to day 14 every 21 days) (CAP monotherapy), the combination of a fluoropyrimidine (5FU 400 mg/m 2 day 1 followed by 2,400 mg/m 2 /48 hours infusion every 15 days and leucovorin 400 mg/m 2 day 1, or capecitabine 2,000 mg/m 2 /d from day 1 to 14 every 21 days) and oxaliplatin (85 mg/m 2 every 15 days or 130 mg/m 2 every 21 days) or cisplatin (50 mg/m 2 every 15 days) (FOLFOX or CAPEOX regimens). Other selected regimen was the combination of epirubicin (50 mg/m 2 day 1), cisplatin (60 mg/m 2 day 1) and capecitabine (1,250 mg/m 2 daily for 21 days) every 3 weeks (EPX regimen). The CRT regimen consisted in 5FU 425 mg/m 2 /d and leucovorin 20 mg/m 2 /d for 5 days, followed by radiation to a total of 45 Gy (1.8 Gy per day, given 5 days per week for 5 weeks) beginning on day 28, with FU 400 mg/m 2 /d and leucovorin 20 mg/m 2 /d on the first four and the last 3 days of radiotherapy. Thirty days after radiotherapy, two additional cycles of 5FU and leucovorin were given for 5 days every 28 days.
Patients were followed up at least at 3-month intervals during the first 2 years, then at 6-month intervals for 3 years, and yearly thereafter. Follow-up consisted of physical examination and computer tomography or ultrasound images as clinically indicated. Patients underwent an esophagogastroduodenoscopic examination within 6 to 12 months after operation and yearly thereafter, or when clinically indicated.
The primary outcome of this observational study was OS, as defined from the date of primary surgery to the date of death according to the Costa Rican National Registry. Cases were censored on January 1st, 2016. DFS was defined from the date of primary surgery to the date of clinically confirmed recurrence or death. Recurrence was defined as the presence of a biopsy-proven tumour with adenocarcinoma features or the presence of imaging highly suspicious of tumour recurrence. Recurrences were classified as locoregional (regional nodes or gastric) or advanced (peritoneal or hematogenous spread).
The study was approved by the Ethical Scientific Committee of the University of Costa Rica (# 817-B2-371) and the Institutional Scientific Ethics Committee of the Caja Costarricense del Seguro Social (R013-SABI-00048).
Statistical analysis
Categorical variables are presented as percentages and continuous variables as means and standard deviations (SD) or medians and interquartile ranges (IQR), depending on their parametric or non-parametric distribution, respectively. The Chi-square test or Fisher's exact test were used for comparison of frequencies, while the ANOVA test was used for comparison of quantitative variables. An OS and DFS analysis was performed using the Kaplan-Meier method. The Log-rank test was used to compare survival curves. Univariate and multivariate COX regression analyses were used to calculate the crude and adjusted hazard ratios (HR) with their 95% confidence interval (95% CI). Variables with a P value less than 0.10 by univariate analysis were included in the multivariate analysis using the backward stepwise technique.
A P value less than 0.05 was considered statistically significant. Statistical analysis was carried out using SPSS version 21.0 for Mac (Chicago, IL, USA). All statistical tests were two-tailed. A P value less than 0.05 was considered statistically significant.
Results
Between January 2009 and January 2012, a total of 236 patients fulfilled the inclusion criteria. Median followup time was 46.5 months (IQR: 13.3-60.7 months). Demographic and clinical-pathological features are summarized in Table 1 . Overall, there was a predominance of male cases (1.4:1). A total of 57 cases (24.2%) were less than 50 years old, and 77 patients (32.6%) were older than 70 years. Young patients were more likely to have diffuse histology (55.3% vs. 15.4%; P=0.006) and poor or undifferentiated tumours (64.7% vs. 28.8%; P<0.001) than patients older than 70 years. The tumour lesions were predominantly located in the gastric body, and a quarter of patients had distal tumors. In total, 110 patients (46.6%) had poor or undifferentiated tumours. Of note, patients who underwent total gastrectomy were more likely to have undifferentiated tumours than patients having partial gastrectomy (48.6% vs. 23.6%; P=0.013). Regardless the type of adjuvant therapy, the most frequent type of lymphadenectomy was D2 dissection and the extent of lymph node yield was comparable between the three groups.
Patients who did not receive any further treatment after surgery were more likely to be older than their counterparts. Similarly, the vast majority of patients who underwent observation after the surgical procedure had a negative surgical margin. On the opposite, 52.4% of patients who received adjuvant chemotherapy had a positive margin, either microscopically or macroscopically. Patients receiving any type of adjuvant therapy had more advanced disease than those patients undergoing surgery alone (stage III: 63.4% vs. 44.1%; P=0.038). Most patients were given combination chemotherapy. In detail, 22 patients received CAPEOX (52.4%), ten patients received EPX (23.8%), eight subjects FOLFOX (19.0%) and capecitabine alone was used in two cases (4.8%).
During the follow-up time 145 patients (55.1%) experienced a recurrent event. Recurrences were more common at distant location (n=130, 89.7%), while 15 patients (10.3%) had locoregional recurrences. Median DFS was 40.1 months (95% CI: 28.3-51.9 months). Median survival after recurrence was 10.0 months (95% CI: 6.2-13.8 months).
Overall, a total of 131 patients died during follow-up. Median OS was 47.6 months (95% CI: 37.7-60.4 months), and the OS rate at 5 years was 45.1% (95% CI: 43.6-46.7%). Postoperative mortality was 1.7% for all patients. Figure 1 shows the probabilities of OS according to adjuvant treatment (either adjuvant chemotherapy, CRT or none), margin status, type of lymphadenectomy, and clinical stage. There was no difference in OS in patients receiving surgery alone or adjuvant therapy ( Figure 1A) .
A negative margin (R0) was associated with better OS than R1/2 resections (HR: 0.61; 95% CI: 0.37-0.99; P=0.049). Similarly, OS was significantly better in patients with stage I with a median OS not reached vs. 51.1 months (95% CI: 34.2-67.9) for stage II and 34.8 months (95% CI: 22.3-47.4) for stage III patients. Patients who underwent total gastrectomy experienced worse OS than those having subtotal, with a median OS of 28.5 months (95% CI: 18.7-38.4 months) vs. 55.1 months (95% CI: 34.5-75.7 months), however, after adjusting for potential confounders this association was no longer significant ( Table 2) .
The results of the univariate and multivariate analysis are shown in Table 2 . The variables independently associated with OS were: margin status, tumour differentiation, and pathological stage III.
Discussion
In this study we retrospectively identified prognostic variables of OS in a multi-institutional cohort of Hispanic patients from Costa Rica after curative-intent surgery for gastric cancer. Although the prevalence and mortality of gastric cancer is high in some Latin-American countries, scarce data exist in the literature with regards to the long-term outcomes of the affected patients from this particular region. Our study, therefore, is among the few being conducted in Latin America for addressing this particular issue, which is relevant in order to inform clinical decision-making in this part of the world. This is especially important when considering that previous studies show that the outcome of patients with gastric cancer varies according to geographic regions (3,4).
As described above, our population in this study was mainly composed of male patients with a relatively high proportion of patients under the age of 50 years (24.7%). Our results are in accordance to recent epidemiological studies carried out in the US, where Hispanic patients are more frequently diagnosed with gastric cancer at younger ages than any other ethnic group (21% vs. 7-16%) (3, 4) . This percentage of young patients with stomach cancer is also very similar with the rate reported by Sierra et al. for patients living in Central and South America (12) . As described by other authors (13), we found that patients at younger age were more likely to have malignant tumours with diffuse histology (according to Lauren's classification) and poor or undifferentiated tumours than older patients. In agreement with previous reports (7, 14) , we observed that the majority of recurrences (89.7%) were at a distant location and had short OS after recurrence. Of note, we observed that the DFS after surgery was longer in our cohort than that reported for Asian (29.0 months) or American (27.2 months) patients. Differences in the characteristics of the studied populations, such as tumor location, clinical stage and surgical procedures can explain the aforementioned disparities (15) .
In our study, the univariate analysis of prognostic variables for OS did not reveal any significant association between adjuvant therapy after surgery and improved survival, compared to those experiencing surgery alone. Although it has been demonstrated that adjuvant chemotherapy confers a survival advantage compared to surgery alone, the available evidence derives mainly from Asian populations (8, 9) with conflicting results in Western countries (16) (17) (18) . It is also likely that a number of clinicopathological variables may be highly connected to the disparities associated to the effectiveness of chemotherapy in different parts of the world. However, we cannot preclude a lack of effectiveness of this approach due to the retrospective design of this study, some imbalances in patient's characteristics, and differences in treatment protocols, as shown in Table 1 .
Our study shows no survival benefit from patients receiving adjuvant CRT vs. surgery alone. Although the INT 0116 Trial provided evidence for this approach, the efficacy of CRT after D2 dissection remains controversial because only 10% of the patients included in this trial went through formal D2 dissection (10) . In fact, retrospective analysis of patients who underwent CRT after D2 dissection in the INT 0116 Trial did not show any survival benefit in comparison to patients who underwent surgery alone in this Western population (19) . Despite that, a retrospective study carried out in Asian patients did reveal a survival advantage of CRT versus surgery alone (20) . Finally, recent results from the ARTIST trial have determined the efficacy of CRT after D2 dissection, particularly in patients with nodepositive disease and intestinal Laurent's classification (21) . Based on our results and those of previous studies, it is likely that the survival benefit associated to the administration of adjuvant CRT in gastric cancer is highly dependent on several clinico-pathological parameters, including type of gastrectomy, type of lymphadenectomy and margin status, similar to what may happen with the use of chemotherapy. Thus, it is important to identify potential clinico-pathological factors that may be of relevance in any particular population, or geographical location, in order to identify the gastric cancer patients that may benefit the most from adjuvant CRT, or even chemotherapy.
Our findings did not show a survival benefit for individuals who underwent D2 dissection versus D1 lymphadenectomy. This finding is supported by a recent meta-analysis suggesting no significant difference in OS between these two types of lymph node dissection (22) . This, however, must be cautiously interpreted because our median follow-up was 46.5 months and some authors argue that the survival benefit is apparent only after a longer follow-up. For example, the Dutch D1D2 Trial reported a significant higher gastric-cancer-related death in the D1 group compared with the D2 group only after 15 years of follow-up (23) . Of note, the vast majority of patients enrolled in our study were surgically treated with D2 dissection, which might be reflected on the high 5-year OS rate achieved by the whole population (45.1%). Given the very low percentage of patients with D1 dissection (10.2%), we cannot exclude the possibility of a type II error due to the small size of this particular subgroup.
It is well established that the effectiveness of surgery depends on the adequacy of the surgical procedure. Indeed, the majority of our patients underwent D2 dissections with negative margins and high number of lymph nodes retrieved. Previous studies have suggested that the number of lymph nodes examined is related to OS. For example, Smith and colleagues reported a linear trend for superior OS based on the number of lymph nodes dissected, with no clear cut-off point (24) .
Our study has some limitations due to its retrospective design. For example, we noticed some imbalances in the patients' characteristics according to the selection of adjuvant treatment received. We could not either evaluate the adherence or side effects of each treatment strategy. Therefore, caution must be exercised when interpreting our findings, as conclusions about the effectiveness of each adjuvant approach must be validated in a prospective manner. Despite these caveats, we described a cohort of Hispanic patients after surgery for gastric cancer with an appropriate follow-up time.
In summary, our findings identified prognostic variables of OS for this specific population, including clinical stage, negative margin status, and tumour differentiation. Importantly, the present study suggests that surgery alone confers a long-term survival benefit for gastric cancer patients, with comparable results to other series of previous
